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The Influence of Eye Disease on Pictorial Art By P. D. TREVOR-ROPER, M.D., F.R.C.S. London TOWARDS the end of last century, the mysteries of biology were, one by one, becoming reduced to a simple organic explanation, and on the crest of this wave of iconoclasm, religion and the fine arts seemed ready victims. So in turn we find the revered paintings of the past being blithely dismissed as the by-products of a miscellany of eye diseases-astigmatism, cataract, colour-blindness and so on. Nowadays these rather frail mechanistic interpretations have gone out of fashion as psychology has "come in", and from this new and comfortable pastime of nibbling away at the artist's ego, no one has much time for those crude old organic interpretations. But the trouble is that one cannot dismiss them quite as easily as all that; so with all the proper humility of a simple technician I would like to lead you through the evidence, such as it is; and in rash moments fly a few small kites-remembering always that what I say can be only fairly applied to naturalistic paintings, which have been of quite secondary concern in most periods and most cultures.
THE REFRACTivE ERRORS

Astigmatism
First of all the eye disease responsible for the most famous and the least convincing of all these theories-astigmatism. Since the eyeball is rarely, if ever, an exact sphere, a little flattening in any meridian will inevitably reduce the height of the retinal image in that meridian, making it seem disproportionately broad' (Fig. 1) ; and in the same way, the image perceived by the brain, which crudely corresponds to the retinal image, will be broader too. Astigmats then see objects as broader or as taller than they really are if their eyeballs are a little flattened from above downwards or sideways.
Astigmatism is an almost universal disease, and although it was only in 1825 that Sir George Airy fashioned the first correcting spectacle-lens, fifty years earlier a German high-school teacher ' In point of fact the actual disproportion is very slight-about 1 % in a moderate astigmat (Le Grand, 1952) . SEPTEMBER had indeed declared "experience tells me that I have a somewhat exaggerated impression of the object in comparison with its height" (Fischer, 1783) .
El Greco is the classically quoted instance, for in nearly all his paintings there is a vertical elongation, but with an added obliquity which makes all his characters seem to be in danger of sliding off the bottom right-hand corner of the picture. This astigmatism of El Greco's seems to have first been suggested in the Paris Medical Chronicle of 1913; thereafter came a desultory and generally sceptical discussion, mostly in the German and Spanish ophthalmic literature (Greeff, 1915; Patry, 1917; Levi-Sander, 1917; Isakowitz, 1918 Isakowitz, , 1933 Marquez, 1926 Marquez, , 1929 Huber, 1932 Huber, , 1935b Villa Ortiz, 1934) , and even in recent years this theory has not lacked occasional advocates (Ahlstr6m, 1955; Bozzoli, 1957) .
The primary objection has always been securely based on the historical setting of El Greco's work, with his Cretan compromise between a Venetian naturalism and perspective, and an underlying traditional Byzantine stylization; and this is cogently supported by the modern evidence from X-rays (showing that the elongations were secondarily imposed on the original sketches). But these authors seemed more concerned with various incidental points, such as the occasional elongation of features, especially hands, when these lay horizontally (as in the portrait of Cardinal Tavera), and the relatively normally shaped faces of the figures in the foreground of the painting of Toledo (possibly including the donor of the portrait who required a more naturalistic conception of himself); and this last point led several of the protagonists to argue that El Greco's astigmatism forced him to elongate only when he was drawing imaginary figures-without a "sitter" to portray, or that it obtained only in astigmatism which was "acquired" late in life as opposed to the normal congenital form.
In point of fact the likeliest mechanical explanation has somehow been overlooked, for this elongation towards the bottom right-hand corner of the canvas is a natural tendency among righthanded artists, who, watching their subjects across the top left-hand corner, find the bottom right-hand corner receding tangentially from their orbit of projection.
This familiar elongation of El Greco's is typically seen in the portrait of the Cardinal Inquisitor Nino de Guevara (Fig. 2) , which has an incidental ophthalmological interest in that the Cardinal is wearing a pair of archetypal spectacles, fastened with a cord behind the ears in the Chinese fashion. On the left-hand side of Fig. 2 is the original; while the right-hand picture is a photograph of it through a -1-0 D. astigmatic lens at 150 axis, taken by Ahlstr6m using an anamorphic lens which had this resultant power; and it is undeniable that this lens has largely restored the correct proportions, as well as removing the rather disquieting malequilibrium of the Cardinal, who had seemed to be slipping off his chair.
However, the various instances of purely horizontal and vertical elongations, which have been attributed to an eyeball flattened from above downwards, or sideways, are rather less familiar. In the well-remembered rendering by Hans Holbein the Younger of King Henry VIII (Fig. 3A) , as in many of Holbein's other portraits, the subject is broadened, presumably to make him look more portentous; and again, Fig. 3B shows Ahlstrom's reduction of its width by photographing it through the same -I-0 D. astigmatic lens, but this time on a vertical axis, from which it has been suggested that Holbein was astigmatic with a vertically-compressed eye (as was illustrated diagrammatically in Fig. 1 ). Are we so sure that this too is a stylization when we discover that in portraying his figures recumbent, as in his "Dead Body of Christ" (Fig. 4) , Holbein generally makes them long and thin, not broad and fat?-all this in spite of the various mechanical aids with which Holbein sought to reproduce the proper dimensions of his subject.
The opposite axis of elongation can be illustrated by Lucas Cranach "the elder" (Fig. 5) ; but with these vertical elongations the astigmatic theory is far more unconvincing (since fashion often favours a spindly figure). Neverthelesseven Botticelli has been labelled an astigmat- (Huber, 1932; Cantamessa, 1938) and so has Titian (Huber, 1932) , not to mention even more striking elongators like Modigliani. All theser suggestions, of course, admit little serious consideration, quite apart from the basic counterevidence that Modigliani's recumbent nudes and Botticelli's horizontally stretched hands are just; as elongated as those that are upright.
However, by the time we reach John Singer Sargent, we do apparently have a known astigmat, and as a result it is reported that he used to see a red or green line around white objects. which he often painted as in fact (Mills, 1936) .
Finally there is our great contemporary, F. B., who has a marked horizontal astigmatism in each eye. Before the war he used to paint without glasses, but then found that when he examined these paintings with his correcting lenses they all seemed too elongated, and thebrush strokes seemed too coarse and broken-up, with the result that the images appeared to have lost all their compactness. He hunted for some of these early paintings so that we could contrast them with their "corrected" equivalents, but I am afraid in vain, and I can only quote those impromptu comments that he made. And there is also an astigmatic Dublin Academician (P. H.) who volunteered that he always tended to draw his vertical lines slightly oblique, since truly vertical lines tended to "shimmer", by which he meant that they were blurred like the spokes of the sight-tester's "astigmatic fan". Many artists and art-teachers have noted this difficulty of drawing true verticals and horizontals, although most of them have quick recourse to a mirror and erase this evidence of their (?) astigmatism. Before we start to consider this theory, that the shape of the painted image is distorted in proportion to the artist's astigmatism, we must face the cardinal objection (which will apply in a different measure to cataract and the rest) that the artist paints what he sees, and the subject will correspond to the rendering, however much they are both altered by the misshapen eye into a distorted percept within the artist's occipital lobe. In other words that if he sees a flattened or elongated world, the likeness of it that he puts on to the canvas, in order to appear equally flattened or elongated to him, will in fact be depicted with its propet dimensions. However, we shall later see that 22r Secton of Ophtklmo4y there is just enough evidence that this selfregulating effect does not invariably apply, for this theory to merit our patient, if sceptical, consideration.
Myopia and Hypermetropia
Of the next two refractive errors, myopia or short-sightedness implies an eyeball which is simply too long, like a folding camera that is pulled out too far, and so focused only on near objects, and hypermetropia or long-sightedness implies a short eyeball which has correspondingly less ease at focusing near objects.
The myopic (or short-sighted) painter can thus clearly see the canvas, but not the more distant object he is painting, and he therefore is reduced to painting what he sees, however blurred or distorted a percept it is. Beyond the farthest point of his natural focus, vision becomes increasingly a sort of "peripheral vision" such as the normal-sighted-person sees out of the corner of his eye, with a loss of detail and with a relative clarity only of the essential lines and contours. And to illustrate this let me quote the following graphic description by Mills (1936) , of what the myope, and particularly one with an added astigmatism, actually sees. The farthest point of his clear vision is only about 15 cm. away; within this range, he says, "I appreciate fine and almost microscopic detail; but beyond this, and especially at distances -over 6 metres, objects become greatly blurred and colours run together with curious blends and unusual, washed-out values. There is definite oblique distortion at far distances, differing in the two eyes, and often only the essential lines of form and contour provide the clues for identification of the object under examination. Such lines frequently take the jazz mathematical shapes of cubism, and if' I were a painter my conception often would be essentially geometric. At the symphony concerts my seat is in about the centre of the pit, nearly 70 feet from the stage. Three points of attention fix my interest at once: the tall form of the leader in the centre, attenuated like an El Greco drawing, two golden harps on the left flank and a strong white reflection from the curved, glistening, light-brown barrel of the bass 'drum, all striving for attention. The conductor holds the centre of interest, gyrating in strange contortions like some fearful wizard before a medley of misshapen geometric patterns in blacks, greys, whites and brown and gold; there are no details anywhere, merely blurred outlines of colour, form, light and movement. The cellos, on the right, appear like enormous yellow-brown gourds placed on the bias; the hands' of the cellists form curious patterns, the bowing hand being a yellowish disk weaving in and out, while the hand which weaves over the frets plays up and down at a wholly different angle of inclination. The white shirts of the drummer and of the two men on the extreme flank of the bass viols appear as blots of white and all other 'shirts as vertical slits. The faces of the players of the stringed instruments form a veritable flower pattern, like great nodding daisies, in whites and yellow-browns; the bowing hands weave up and down as yellowish disks. The black clothes of the conductor and of the row of men next to the audience, that is, the men farthest from the strong overhead illumination, are jetblack, while the identical apparel of the rest of the musicians, directly under the lights, is grey-black, the contrast being sharp. When the harps are seen with one eye and then with the other eye, there is a prompt change in the angle of their inclination from the vertical, which represents the difference in slant given by the different degrees of astigmatism in the two eyes."'l This "peripheral" type of imagery is, of course, familiar to us, but rarely analysed ( Fig. 6 is an attempt to illustrate the loss of acuity even close to the fixation point), while for those who are short-sighted, it is the sort of view always obtained without their glasses; and it is that made use of by artists who aim primarily for effects of mass, line, colour and symbolism, just as it can be used by the lazy or the immature (as in primitive or child-art); while it has been triumphantly exploited in the hands of the impressionist school.
We can only guess to what extent Monet, who so pioneered the cultivation of this peripheral type of vision, was myopic (as well as having a cataract); but we know CUzanne was, even without the indirect evidence from his paintings (such as Fig. 29 ), and it is not surprising that only in some of his self-portraits are his colour values and optical proportions at all conventional. He incidentally suffered also from diabetes, so who knows but that a little retinopathy may have further disturbed what Huysmans called his "diseased retina". Cezanne's distortions do indeed illustrate very beautifully his use' of his own peripheral field2 (however much they have been thoughtlessly stereotyped by his decorative imitators); and we know that he used to stare at his models for hours on end, before he dared to put down his first brush-stroke, liking them to sit motionless "like apples".
As 'An Australian psychologist (J. R.) has-just written to me, describing how she happened to look at the orchestra through the lower part of her bifocal glasses-rendering herself artificially myopic-and the scene "broke up into a remarkable and exciting 'modern' composition of triangles and planes and colour". And she is now trying to find out if some "modern" artists could throw their eyes out of focus at will and see actually-as she did-as an abstract painting (apparently with some success).
' Blanshard (1949) suggested that C6zanne actually saw the distortions of form in that immediate way in which previously the impressionists had actually seen the distortions of colour. Ehrenzweig (1953) submits, "most of C6zanne's -distortions somehow appear 'correct' if you do not try to see his shapes statically by a single glance, but abandon yourself to the movement inherent to his distortions"; the eye is then "led along definite highways to definite fixation points, and from this movement the whole picture will suddenly seem 'right'." His distortions are thus the product of a "realistic" vision, which took into account the eye's unconsciously guided movements that the static realism of his fore-Tunners had neglected. And his myopia could well have provided an incentive or "short-cut" to his especial awareness of the true shapes and hues in the peripheral field. Then there was Renoir who was said by his biographer Vollard (1919) "to step back a few paces [in other words out of his limited near-range of clear vision], in order to give the painting the effect of an Impressionistic picture"; he was then 60: and even at 64, when none of us who is not myopic can hope to read at near range without convex spectacles, he describes how Renoir liked to examine petit-point close-to, taking it in his hands, and we know that he wore no glasses.
Some impressionists, like Degas, were highly myopic, for he wore heavy lenses throughout his adult lifel; as a result he was reduced to painting in pastel rather than oil as being an easier -medium for his failing sight; later he discovered that by using photographs of the models or horses he wished to depict, he was able to bring these comfortably within his limited focal range; and finally he fell back increasingly on sculpture where at least he could be sure that his haptic sense would always remain true. Among these myopic impressionists, it is tempting to throw in Pisarro, whose central vision was further impaired from the scars of comeal ulcers (possibly phlyctenular in origin) that had plagued him since he was 8 years old; not to mention others to whom myopia has also been imputed (Mills, 1936) , like Dufy, Derain, Braque, and particularly Matisse (Fig. 7) . Certainly the lack of perspective and depth of the Polish painter Matejko is excusably attributed to his myopia (Majewski, 1936) , for his spectacles, bearing their tell-tale -4 D and -6 D lenses, have been preserved in the Krakow museum.
And lastly in this group we can perhaps include Gordon Craig, who was indeed so myopic that Isadora Duncan is said to have complained that he even failed to recognize her across the breakfast table! His biographer (Leeper, 1948) describes how he "always loved greys and browns, very low in tone" (as in 'His many self-portraits during early manhood show no glasses, but these may well have been executed within his limited focal range. Fig. 30 ), and the other myopic legacy-the emphasis of structure and loss of detail-is even more a characteristic of his designs.2 Anyway, it may well have been partly as a result of this myopia that he pioneered the new approach to stage-designing, and persuaded his followers of the proper supremacy of colour and form over detractory details; and the sets of Reinhardt and Jacques Copeau came naturally in his wake, an influence that is of course universally apparent to-day.
So I suspect that it was no accident when Pollack (1917) found that, among 128 masters and pupils of the Fine Arts School at Paris, 48 44% were myopes and 27 34 % hypermetropes, whereas in the population at large it is the hypermetropes who are about three times as numerous as the myopes, while Siegrist (1917) recorded an artist (and I have myself encountered two) who found that he could only continue good paintings by having his myopic spectacles well under-corrected.
Myopia and hypermetropia have also been said to have a direct influence on the preponderant colour that artists used. The blue rays of light are refracted more than the red, and so are brought to a focus slightly in front of the normal retina, and the red rays correspondingly just behind the normal retina; hence the myope, with his abnormally elongated eye, will see reds better, and .the hypermetrope, who has the opposite deformity of a shortened eyeball, will be correspondingly better on blues, a phenomenon that has been capitalized for sight-testing in the "duochrome test". Indeed, according to Patry (1917) there is an actual shift of the spectrum in a corresponding direction; thus to the hypermetrope yellow becomes tinged with green (rather crude subjective tests do appear to confirm this). Indeed, the increasing fascination for reds in the case of Renoir (which has already been attributed to incipient cataract) might simply have been a legacy of his myopia. But it is a curious coincidence that colours from the 'A typical comment is that of The Times critic, who described the simplicity and severity of Craig's sets for Ibsen's "The Vikings" as... "harmonious in colouring, broad and massive in design". Craig himself had later recorded how tremendously a flight of steps appealed to him ... ("when this desire came to me, I was continually designing dramas, wherein the place was architectural, and lent itself to my desire"). Mrs. Leeper also describes how... "in the early days, when Craig was young and unknown, among the few who understood his aim had been the poet W. B. Yeats ... who would discourse on the poetic drama in his vivid magnetic way, peering with myopic eyes into the darkness while Craig was happy to sit and listen to him". It is tempting to suggest that the vision he so readily shared with Yeats was really a sharing of their mutual dependence on the strange structural world of the myope. 724 24red end of the spectrum should so predominate in the paintings of Chinese and Japanese who are also predominantly myopic (the Japanese have only recently adopted a specific word' for blue), and Patry (1917 and Patry ( , 1918 has listed several Swiss artists (B. and B. Baud-Bouy, Hodler, Henner, Meissonier, Estoppey, and Alice Bailly) whose colours as well as designs could be readily attributed to their relative hypermetropia or myopia. Finally, the myopia and hypermetropia of an artist will both have a direct influence on the actual "projection" of his painting, and correspondingly on the optimum distance for viewing his work. When artists seek to record on their little rectangles of canvas a relatively small view, they can safely employ a simple geometrical perspective whose laws remain approximately accurate only for such a "narrow-angled" view, although I believe some (like Canaletto) get a wider-angled effect by basing their geometrical perspective on two points, about 10 degrees apart. However, the panoramic rendering (as in Fig. 8 , taken with a wide-angled lens) does have much to recommend it, and we are reminded of that eighteenth century affectation "the Claude glass"-a convex mirror2 through which some (like the poet Gray) preferred to view their landscapes, since it "opened them out" like a Claude painting. There is no real difficulty in using some cylindrical gnomic projection (like the conventional Mercator's map of the world), to transpose our view on to a two-dimensional canvas from the surface of the imaginary sphere encircling our heads on which it is in fact disposed. However, the wider the "angle" of our view the more necessary it is to observe its rendering from the same point as the original artist who painted it (or camera that photographed it). Even small-angled paintings have their natural distance for correct viewingcorresponding to the radius of that imaginary sphere around each of our heads on to which the seen world is projected: and for every artist this radius is fairly constant-representing the average distance from his canvases at which he works best. This distance is generally greater for oil paintings than for water colours, for L"'ao" is Japanese for green and for blue, which are generally lumped together.
2These convex mirrors were used in all seriousness by the Dutch naturalistic artists of the previous century, sometimes in the form of a crystal ball which is actually depicted in certain of their studios (Wilenski, 1929) and this in turn probably derives from the earlier use of mirrors (typically by Vermeer) -a method said to originate with Titian's exploitation ofVenetian glass. Gerard Douw is said (Descamps, 1754) to have manipulated with his foot a screen in which was set a concave lens bearing a grid of threads to correspond with a similar grid on his canvas. outdoor paintings than studio paintings, in the long-armed, and, most important, in the longsighted or hypermetrope. (This optimum viewing-distance is, of course, unrelated to the closeness or remoteness of the subject, but only of his canvas, and in vast paintings or murals it is often very great-the artist managing to achieve this by a great mental effort, or by frequently stepping backwards, or by working from sketches.)
On this reckoning, Wilson (1958) has deduced that Vermeer was short-sighted, having a short radius, although placing his subjects at a fair distance away, while Van Gogh similarly had a short radius (and therefore, one hazards, shortsightedness) but with his subjects at an unusually close range; Van Eyck had a very small radius indeed, while Franz Hals had a larger one, and is therefore a presumptive hypermetrope. Incidentally, almost as a confirmation of this, the preponderance of myopia among miniaturists had already been noted (Cantamessa, 1938) .
And, as a last after-thought on myopia, we can recall that Goethe was also very myopic, and his theory of colour vision was among the first that contained truth; yet he refused to wear his glasses in public, and always objected to others wearing them (Hardy, 1934) .
Presbyopia
Presbyopia is the last of the four "refractive errors" that may need the compensating power of spectacles. Here the natural weakness of focusing that comes with middle age causes a progressive difficulty with near vision, and a spurious long-sightedness like that of the hypermetrope. It is true that a fuzziness, or what art historians. would call "breadth", is very apparent in the latest paintings of relatively long-lived artists like Rembrandt and (especially) Titian, and this may indeed be attributed in part to a presbyopia that had rendered their canvases increasingly indistinct. For instance Rembrandt's portrait of Saskia (Fig. 9 ) when he was aged 27, shows a delicacy of detail and refinement of feature, which is in striking contrast to his self-portrait ( Fig. 10 ) when aged 63, some months before he died, with the face like a rough-cast in mud. While again in the early Titians like "Noli me tangere" (Fig. 11 ) there is plenty of careful detailing which has all gone by the time we reach his later works like "The Flaying of Marsyas" (Fig. 12 ). I do not, of course, imply that I believe this change was primarily due to receding near-point of clear vision, for such "open brushwork" commonly marks the conquest of paint as a material, but at least it is credible that we should to some extent give this refractive failing the blame-or perhaps the credit-for the change.
How different the world of art might have been if all these famous painters had been forced to wear glasses constantly. How secretly one agrees with the Rev. Mr. Cross, Vicar of Chew Magna in Somerset, who declared "The newly invented optick glasses are immoral, since they pervert the natural sight, and make things appear in an unnatural and false light" (Hardy, 1934) , or with the enigmatic epitaph on Salvino d'Armato in S. Maria Maggiore, at Florence, " . . . inventor of spectacles; May God forgive him his sins". SQUINT After refractive errors, we come to the question of squint; and although we would expect little direct influence of an artist's squint upon his paintings there are some points of passing interest.
The first and doubtless the greatest "squinter" ever to be portrayed was Venus herself, whose squint is frequently described by classical poets (Foster, 1952) ; but we have little visible evidence of this as the painted irides of those earlier statues have all weathered away, and the late Roman statues, which had their pupils "chiselledin", all had straight eyes.
The most famous of all squinting painters was Guercino, whose name simply means "the squinter", and whose self-portrait ( Fig. 13 ) makes no attempt to conceal that convergent and presumably poor-sighted eye; it would be wishful arguing to aver that there was any consequent failure of the third dimension in his many familiar paintings, any more than in those of a recent P.R.A. who had only one eye. One of our most famous English contemporaries has, in fact, a small residual squint with no binocular vision; and he volunteered that in his earlier years, when his painting was more naturalistic, he did have a constantdifficultywith this third dimension.
Of more interest perhaps is Durer who had a divergent squint.' He made various selfportraits; that from the Louvre (Fig. 14) shows his divergent squint, with the right eye failing to swing inwards, and he is showing rather nicely the classical compensatory head-turn to the left, in order to minimize the ocular deviation and its resultant diplopia; and in the portrait from Erlangen (Fig. 15 ) his right hand seems appropriately to be warding off the confusing second image seen by that divergent right eye. The eyes seem to have been straight when he was 13 ' We happen to know that he purchased some glasses for 9k farthings (Howard, 1954) , but unfortunately this was not until he was well in the presbyopic age (1521), and so has little bearing on histsquint except to suggest that there was probably no+underlying myopia.
( Fig. 16 ) but the squint was well established seven years later and even more so in the various portraits of his middle age. Sometimes in the later portraits it is the left eye that seems to be diverging, but this was probably not because he had an alternating squint but a result of the drawing being completed by an assistant rather than by the artist scanning his own features through a mirror (of course in the case of the engravings, there has necessarily been a reversal of the plates). In life, we must presume that the left eye would have been the divergent one.
Various subjects of portraits as well as the artists themselves have had their squints immortalized-such as Thomas Inghirami (Fig.  17 ), whom Raphael has painted with his head turned slightly to the left and his eyes well over to the right-a similar compensatory posture:
in his case the squint may well be the sequel to a monocular myopia which had caused the obvious prominence of his right eye; and this recalls the even grosser case of Federigo da Montefeltro (Fig. 18 ) whose many paintings are all done in profile to conceal the unsightly right socket, although the bulging left eye is barely more pleasing. Sometimes, however, the divergence is the result of the artist's affectation, rather than his realism, as when it is used to express ecstasy (if one converges for near vision, it would seem natural to diverge when looking heavenward-beyond infinity). Indeed it has become such a habit in El Greco's saints that they even diverge when the eyes are downturned as with St. Simon and St. Luke, although the latter was in fact thought to be El Greco's own self-portrait (Fig. 19 ). This question of divergence to portray other-worldliness is interesting, since the relative positions on the two corneas of their bright light-reflections are constantly telling us that so many painters have consciously or unconsciously counterfeited a mild divergent squint (Alaerts, 1947) .
An upward deviation is often used to underline dramatically the blindness of the subject, whose eyes seem to turn desperately upwards searching for the sun, as in the familiar beggars of Brueghel2 (Fig. 21 ), although sometimes it is sufficient just to exaggerate the depth of the anophthalmic socket, as in Rembrandt's Tobias (Fig. 20) . In this context, too, there are always 2Peter Brueghel the elder is said by Torrilhon (1958) to have been the arch-diagnostician of eye ailments, the five beggars from his "Parable of the Blind" representing from left to right: ocular pemphigus with secondary comeal opacities, photophobia possibly from an active kerato-uveitis, phthisis bulbi and corneal leucomata. In "The Wedding Banquet" he has likewise depicted a myxaedematous facies, although the more famous rendering of senile ectropion (Fig. 22 ), formerly attributed to Brueghel, was probably by one of his predecessors.
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Section of Ophthalmology the artists who like to project their melancholy on to their subject by constantly featuring a droop of the upper lids (Fig. 23 ), like that shadowy painter who is known simply as the "Master of the Tired Eyes".
Before we leave the question of squint, it is perhaps relevant to consider Huber's (1935a, b) theory of eye dominance. In western countries, where our right eye is generally the dominant one, and we read from left to right, our emphasis is apparently directed to the left side of the picture; so that there we place our principal subject, if we wish (as in most baroque paintings) to convey a feeling of tension or movement; but if the main subject is on the right, the picture becomes calmer and more static. In other words, with this painting of Velasquez (Fig. 24 ), the lower version, which is reversed, of National Gallery, Dublin.) or"Wiem Scrots"or"Stretes" (Friedlander, 1935-36) .
should be more restless and taut because the seated Jacob has moved across to the left. And indeed I wonder whether the opposite is true for eastern races who often write in the contrary direction, and in whom the left eye is, I understand, generally the dominant one.'
COLOUR-BLINDNESS Major colour-blindness would hardly permit painting of any merit, but one man in every twenty is partially colour-blind, in that he has poor differentiation of red and green, so it would be surprising if we did not find some evidence of this among established painters. Just to underline this curious hereditary defect, I am reproducing (Fig. 31 ) the attempt of one of the senior London eye-surgeons-who happens to be red-green colour-blind-to match the upper colours of the sequence (thus in the case of 6A in Fig. 31 , he could not decide which of his red and white was the better match for that bottle-green). When we look at those random matches, we can only marvel that the existence of colour-blindness was not established until 1798; and all those medieval apprentices in mosaics and illuminating must somehow have concealed their muddles. It has, however, been noticed (Riddell, 1949 ) that this may well be the reason why, in recent decades, there has been such a high proportion of colour defectives in engraving (? the artist-rejects), just as there is in the Marines (? rejects from the Royal Navy).
The effect of colour-blindness on artists was first discussed when Liebreich in 1872 noted at "The London Exhibition" that year how with certain painters the roof-tops and the oxen (one suspects that 1872 was a prime year for such subject-matter) were depicted as red on the welllit side and green on the dark side. This so-called "sign of Liebreich" of the red-green colour-blind has been emphasized by subsequent writers, notably Angelucci of Naples, who in 1908 gave an exhibition of the paintings of three such colour-defective artists. He particularly noted how on one canvas a naked child, sitting in the shadow, has come out entirely green (and the artist responsible for this admitted that red and pale green both seemed grey to him), also how the tree leaves, when lit by the sun, were not yellow-green but bright yellow, and those in the shade were blue-green or sometimes entirely blue.
Colour-blind painters, it seems, generally try and attenuate their failing by reducing their colour-content, so that their pictures often seem 'Weinstein (1958) independently observed that in far-eastern paintings, where these are bisected obliquely from bottom-left to top-right corners, the primary subject-matter is generally crowded into the upper left triangle, while the reverse is generally true of western art. a little melancholy. Whistler, with his nocturnes, is an alleged example of this, and so is Carriere (Patry, 1918) , with those faces of his dimly emerging from his paintings like ghosts from the darkness; Grottger, the Polish master of pencil and charcoal is a better-established instance, since he conceded that colours were right out of his reach (Majewski, 1936) . On the other hand a minority of colour-defectives blithely ignore their failing, and their colours tend to be exalted (and sometimes rather irresponsible) in consequence. In 1933 Strebel claimed that at an exhibition of paintings by LUger (Fig. 33) , he was so struck by the blue and yellow predominance with clay-coloured backgrounds that he diagnosed a red-green colour-blindness, and promptly tested the artist, proving himself to have been correct. The late Professor Raper was also red-green colour-blind and his watercolours, too, were all characterized by an excessive use of rather greenish blues and khaki yellows. So are two famous living painters; one of them is totally red-green colour-blind and it was once said that this is how he came to invent the blue mountains, white cottages and silverwhite clouds of Irish landscapes.
Was Constable also partially red-green colourblind? Certainly his paintings often look autumnal (Fig. 32 ), although he himself declared in 1833 "I never did admire the autumnal tints, even in nature ... (but) I love the exhilarating freshness of spring"; and added that he set to portray "light, dews, breezes, bloom and freshness". If it were true, he would certainly have needed to use additional red to build up his green-matches, and it has been cogently argued (Law, 1957 ) that this was responsible for the brown mantle that characteristically covers his spring trees. Of course it is as easy to pick a good brown Constable tree to illustrate this, as it is to pick a good orange canvas to argue Turner's advancing cataract; but there are endless brown trees to choose from. Once Sir George Beaumont asked "Do you not consider it very difficult to determine where to place your brown tree ?" and he replied "Not in the least, for I never put such a thing into a picture". I know that Sir George was referring to the brown trees which were at that period conventionally introduced, but quite manifestly Constable did introduce these, and may it not be that he did not realize how brown his trees actually were? Then in 1823 Fuseli stood before Constable's pictures in the Academy with a greatcoat on and umbrella up, to protest against their heavy overcast colouring; and ten years later he wrote to Wilkie "I like the landscape of Constable, but he always makes me call for my great coat and umbrella". Even more suggestive than the FIG. 26.-Three stages in the mastery of painting by a congenitally "near-blind" boy, who had a gross peripheral field restriction (Lowenfeld, 1951) . comments of his contemporaries are his own comments on their paintings, which he was apt to describe as insipid or vapid, since he probably saw the green as being pale or fawn-coloured (as they lacked the extra dose of red that he himself would have inserted). Others, like Farrington's landscape, he described as "heavy and crude" but added pertinently that they looked much better by twilight, for the natural colour-shift of vision in fading light would at least serve to darken the red pigment that he had used in his greens.
Constable's pictures are not, of course, all in autumnal shades; in a minority the blue-greens predominate, and white light sparkles in the foliage. Even this can be argued as confirmatory evidence if we simply attribute it to the high luminosit) curve of the partial protanope (Law, 1957) , and we assume that instead of the usual overcast English day, he was painting in a pale sunlight.:
One should, incidentally, be particularly cautious in regard to this question of Constable's colour-blindness, as I believe only one (Dedharn 1A further point was made by Law that many of the original sketches were in an even darker colouring than the final version; but others have doubted this with the small sketches (except perhaps the "Valle) Farm"), and of the two larger sketches, comparisor is difficult since the final version of the "Hay Wain' (National Gallery) has recently been cleaned.
;. 27. Three stages in the mastery of sculpture by a boy who was congenitally blind (Lowenfeld, 1951) . Mill) of the large collection in the Victoria and Albert Museum has recently been cleaned, so there is bound to be some spurious darkening of the pigment due to the browning of the varnish. Finally, here is an account I have just received from a North London art-teacher about one of her recent pupils:
"One of the students, an extremely quiet and sensitive boy, was about 17 when he joined my composition class. The first painting he produced, a street scene, showed a fair sense of arrangement, good drawing, and very unusual colour for a The second row represents the artist's attempt to match the sequence of colours in the upper row when these were viewed through a brown filter. The third row represents the attempt to match the sequence of colours in the upper row when wearing such a filter as a spectacle lens, so that both upper and lower rows were viewed through it. beginner. He used colours which were bright but not crude, with some red and yellow, a little green, and a great deal of soft blue and mauve. The general effect was exciting and pleasing; a change from the usual red, yellow, blue and meridian in their raw state used by most beginners. "During the following lesson a week later, he asked if he could speak to me privately, and he then told me that he was completely colour-blind. He said that he knew which colours to use by the names on the tubes of paint, and that his difficulty lay in -the painting of shadows. Evidently he knew, or had been told, that there was colour in shadows, but in trying to paint a cool shadow on a warm-coloured object he could not judge the quantity of the cool pigment he was adding, and often changed the original colour completely. When I saw his painting again this was obvious: a red object, for example, might be shaded in blue or purple; the colour change being so violent that the object was split completely. Although the colour values were wrong the tone values were so good that they gave the picture a unity which it would otherwise have completely lacked. All the objects in the composition, as far as I can remember, were painted in their correct colours, blue sky, red roofs, &c. "A colleague tells me that when painting from still life the student later developed a method of working which made up for his colour-blindness. Although the objects he was painting were in front of him (in my class students worked from memory) he never actually made a mistake in identifying the colour of an object, nor did he ever ask the master to tell him. He may, however, have asked other students. His colour in this class was extremely subdued, quiet and 'safe'; there was nothing wrong with it but its extreme dullness. The form and tone were very good. He had obviously worked out a formula for colour which compensated for whatever defect he had, but which was extremely narrow and incapable of being developed. He eventually took up sculpture but I don't believe his work was outstanding."
As an after-thought on colour-vision, Cantamessa (1938) has made the engaging suggestion that the warmth of colour which different painters use depends primarily on how blond or brunette they are; since in the former, the greater amount of light that filters through the sclera gives a colder tone to the retinal image, and vice versa. As a crude generalization, the Nordic races do indeed seem to employ colder colour tones than the Latins, and the latter than the central Africans or Polynesians; so it would be nice to find an untutored albino to press the point. Well-pigmented races too have more yellow pigment at the macula lutea, and could therefore be argued to be relatively insensitive to the blue end of the spectrum.
And as one final after-thought, it is tempting to 42 reflect on the apparent predilection for the red end of the spectrum in the paintings by anthropoid apes, just as there is an apparent preference for blue colours in the elaborate "paintings" of the Satin Bower-birds. It seems that in Homeric Greek, as well as recent Japanese and some primitive tribal languges to-day, there is no proper wQrd for blue, and it has sometimes been maintained that early man had a foreshortening of the blue end of the spectrum (an engaging theory that leads straight into a lexicographic jungle which I am not competent to. explore); but greens and blues are indeed strikingly absent from palaeolithic cave paintings as well as from Greek and Minoan ceramics, although this is, of course, largely determined by the relative availability of the pigments they used. But the answer to this apparent preference of -primal man probably lies with the psychologists, who would say that the red colours are simply the most colourful and interesting, rather than with any disorders of the "outer" eye. The value of these sets of ape-paintings ( Fig. 25 ) does in fact go far beyond any of the colourdiscrimination which they (rather unconvincingly) displayed, for Desmond Morris has found that there is an essentially constant pattern to each individual, which can be altered with almost mathematical regularity by any pre-existing pattern on the paper; so that it may be possible to find a purely mechanistic basis for any truly abstract painting. Humans fortunately differ in having the added capacity for image crystallization and-stylization, so that even the most sophisticated of our "action painters" can never aspire to this pure distillate of the simian ego.
CATARACT In most elderly people opacities form within the lens of the eye, and rarely provoke more than a little progressive blurring of vision. In addition to an overall mistiness, the advancing cataract absorbs principally the shorter spectral wave-lengths, starting with the violet and blue end of the spectrum; and ultimately it may permit little beyond the red rays to reach the retina. Conversely, after the cataract has been extracted by an operation, the sudden influx of these excluded blue rays in the presence of an established adaptation to a rosy world, may change the red vision into a temporary blue vision. This colour change is mainly apparent with the rather less frequent "nuclear" type of cataract, where the sclerosing fibres tend to become yellowish or even reddish-brown; and it is generally more striking where the patient is already myopic, so that the subsequent spectacle 739 7Proceedings of the Royal Seciety of Medweine lens is of comparable power to that which was needed previously.' Fig. 34 is a photograph of two paintings lent to me by Mr. F. A. Williamson-Noble, of the view from the bedroom window of one of his patients; the upper one was done in August 1946; then after both his cataracts had been extracted, our artist was able, by the following August, to paint the lower version of the same view. Most arresting is the colour contrast from an overall reddish-orange to a cold greenish-blue, remembering that they were both painted in the same month of the year and the leaves did not turn early in 1946! The cataract has of course blurred the details of the upper picture, and since the right eye, with the more advanced cataract, was then virtually blind, the picture also seems flat owing to the absence of any stereoscopic vision, while there is also a diminution of size of the trees-the actual size of the retinal image being a little larger after a cataractous lens has been removed, and replaced by a convex spectacle lens in front of, instead of within, the eyeball.
With many artists a colour change towards red can be noted in their later paintings, and blithely attributed to the advance of a senile cataract. The easiest candidate for this is J. M. W. Turner, whose later pictures are well known to have become more blurred and at the same time increasingly suffused with red and orange light, so that it is difficult to avoid likening them to the upper view from that bedroom window. Fig. 35 illustrates Turner's earlier style, in striking contrast to his later impressionist phase where the details gradually disappear, and the whole paintings seem to glow with an orange-red light (Fig. 36 ). Since 1841 his sight was known to be failing (Monkhouse, 1899), and although I could find no specific mention of a cataract, it might well be that the Mr. Bartlett (styled "surgeon-dentist and cupper") who tended him was a little weak on ophthalmology; and at his death in 1850 we have only William Kingsley's sorry confidence to Ruskin "The simple truth is his digestion failed through loss of teeth, and he 'This experience was emphatically recorded a few months ago by a distinguished author (C. S.) when both of his cataracts were removed, and he has indeed preserved the markedly yellow cataracts that were held responsible. While an artist (H. S.) has rec,ently written to me that, as her cataracts advanced she was increasingly puzzled by the pinks and reds in her garden, which have seemed so much brighter than usual, and how she is now impressed by the vivid crimsons and vermilions of sunset. And a patient (G. S. M.) has just volunteered that since his cataract operation "everyone appears to be wearing blue eye-shadow, their lips are purple, their hair-roots blue, and a blue haze outlines the edges of all the buildings". had to have recourse to stimulants, and finally took too much".
It was Liebreich (1872) who first suggested that a lens sclerosis was responsible for the changing style of Turner and of Mulready, and between the early and late paintings by this second, less interesting artist, the colour values are again noticeably different; while if we look at the earlier pictures through a yellow glass, the difference between the two almost entirely disappears, as the glass seems to correct the colour shift. And it is tantalizing to throw up a cluster of other names into whose later paintings a rosy warmth steals; Renoir perhaps, and many others.
Of these, Antonio Verrio is, I think, especially interesting. He is best known in England for his spirited mural paintings of the late seventeenth century, culminating in the famous allegory of King William III on the Great Staircase at Hampton Court. His earlier paintings are less familiar, but at the age of only 21 he had painted a ceiling in his capital town of Naples (subsequently destroyed), and in it he apparently included with macabre prescience a portrait of himself as a blind man led by a dog.
His last work in the Queen's drawing-room at Hampton Court is vividly described by Edward Croft-Murray (1959) with its rather maladroit conception of Queen Anne in glory, attended on the walls by her stumpy husband and an appropriately dormant cupid, all in a surfeit of pink colours; he concludes " . . . with its riot of illmatched colours and unprepossessing faces and figures, it hardly stands as a brilliant finale to Verrio's career. Perhaps we may excuse him in part, for his sight was beginning to fail". Soon afterwards the self-portrait now in our National Portrait Gallery was completed (possibly by a friend) with its pathetic inscription "Cieco Antonio il povero Verrio"; and two years later, in 1707, he was dead. Thirteen years later the following advertisement was published by a Dr. T. Clarke, that ... "to her late majesty Queen Anne's great satisfaction Signor Verrio, the famous painter was restored to perfect sight in Hampton Court, of a blindness called gutta serena", and the evidence all suggests that this was in fact a cataract.
Another painter who frankly developed a double cataract is Monet, and the characteristic changes are very apparent in his latest paintings. Up till 1905 his whites and blues were still unalloyed, but soon after that the whites and even the greens became increasingly yellowish, and the blues more and more purple, as in "The Ducal Palace, Venice" dated 1908 (Fig. 37) , while in the final pictures like those of the watergarden at Giverny, which were done after 1920 when he had turned 80, the form too becomes 740 vaguer as his sight has manifestly begun to fail. In 1923 he submitted to an operation that partially restored his sight, and he then started enthusiastically retouching his paintings until all his friends and relations persuaded him to desist, and in 1926 after a few days of total blindness, he died. How interesting it would be to know, as one clearly suspects, that he was "touching out" the reds and oranges that had so insidiously slipped in.
One must not, of course, forget that this colour change would only be expected in the rarer form of cataract, which becomes brownish as well as becoming opaque, and in naturalistic painters only. So, just as an example of the more usual response, I quote Sir Matthew Smith whose opaque lenses were extracted a few years ago and clear vision restored; for here there was no apparent alteration in colour values; the only changes Sir Matthew noted were that the colours had become brighter and the details clearer.
Incidentally Coverdale once submitted (1957) that age itself should normally shift our colour values towards the red end of the spectrum, as the yellow pigment at the macula accumulates, so that blue is increasingly absorbed and fails to be appreciated; and a similar spurious blueblindness follows. As a consequence of this darkening macular pigment (which should surely have the same effect as that of the "brown" cataract) he argued that elderly painters would unconsciously have to intensify their blues, rather than relapse into the rosy vision traditionally associated with the advancing cataract.' And just to balance the "cataractous" pair from the bedroom window, I have two others lent to me by Dr. J. Keevil that would seem to confirm this point. Such a change might even be said to apply to Rouault, whose obituarist commented how the " .
. .
claret-reds gave way to a profusion of yellow-greens". After spending his life painting "twilight", Rouault said "I ought to have the right now to paint dawn" (Life magazine, March 1958) .
Finally, there are several people I have met, including one successful Dublin artist (H. R-C.), who see warm rosy tones with one eye, and cold bluish ones with the other, so they find themselves using one eye or the other or both according to the particular colour value they are seeking.
RETINAL HIEMORRHAGE
In this category I would hesitantly include Sir Joshua Reynolds who went blind in one eye quite rapidly over a few weeks in the year 1789, when lIsakowitz (1918) had independently observed this preference for cold colours in old age and attributed it to,such organic changes. he was aged 65. He then hurriedly completed the female portrait he was doing, and thereafter only painted men. (Man's widespread association of blindness with sexual shame doubtless operated then as forcefully as in the more overt days of (Edipus and the Sodomites.) Even so, some months later the other eye also weakened. The doctors called it "gutta serena", which means little except that on casual inspection they could see no cataract lying white within the pupil. The probability is that he had retinal himorrhages which irrupted into the vitreous, since he had already suffered a paralytic stroke seven years earlier. Following the advice of his "most skillful practitioners" he abstained from pencil thereafter, lest his remaining eye should also be affected, "a determination which cost him great pain". Two years later his contemporary biographer (Northcote, 1819) describes how he "entertained strong apprehensions concerning the tumour which had been collecting for some time over his left eye" and had latterly been accompanied by much inflammation. The surgeons adopted every means (as they said)
"to discuss" it, but without effect; for it was afterwards discovered to consist merely of extravasated blood, and had no connexion with the optic nerve. Then the following year he died, and as the autopsy revealed only a "preternatural enlargement of the liver", Reynolds, like Turner, had probably succumbed to an alcoholic cirrhosis. It would have been gratifying if his later paintings had shown some characteristic form of colour change-perhaps the yellow-vision of a terminal jaundice from his cirrhotic liver if not the red-vision resulting from a cataract or from an appropriately placed retinal hemorrhage2; but ever since his stroke, he had put up his prices and farmed out more and more to his pupils, giving only an occasional touch of his own brush to justify the famous signature and the famous prices. According to Waterhouse (1941) it was thought that he got Lawrence to paint the red pictures and Daniel Gardner to paint the blue ones, which leaves little scope for any scientific interpretation! FIELD DEFECTS Into this final chapter fall those diverse diseases that silently erode the fields of visionsimple glaucoma and lesions of the various optic pathways; but it would be hard to relate such a field encroachment to any specific altera-2The "red-vision" resulting from retinal hemorrhage is not often noted, but one artist (T. N.) has recorded how his macula was damaged by such hemorrhages and his paintings have all become deficient in blue (which he appreciates when this is pointed out to him). tions in the painter's style, although various fanciful suggestions are not lacking.'
Simple glaucoma traditionally affects the conscientious business-man, so perhaps it is not surprising that I could find no record of any glaucomatous artist; but it is said that Greiffenhagen suffered from a central colour scotoma in his later years (attributed to his fondness for tobacco), and his later paintings bear doubtful witness to this. Then there was Wyndham Lewis who died only a few years ago with a craniopharyngioma of his pituitary that had gradually eroded his optic chiasma, and only by sitting very close was he able to complete the portrait at Magdalen College of T. S. Eliot, before the "sea-mist" (as he poignantly described it-1951) had reached inwards across his central vision, and his days of painting were done.
But where the field loss is so great that only an occasional patch of sight remains, the artist may be thrust into that haptic or kinesthetic world which opens up a whole new system of values and a whole new trend of imagery.
For instance, these are the paintings (Fig. 26 ) of a little boy who only retained a tiny patch in the centre of his field of vision and so could see only an area about 2j in. in diameter on his drawing board; he had no knowledge of the overall contours of the head that he was depicting, and in this way he was like the blind sculptor who envisages a head as the sum of a multitude of small areas which he can map out with his fingers. The particular interest of his three successive paintings is that they illustrate so clearly the three stages of development that Professor Lowenfeld (1951) described for all who are primarily subjective or autoplastic interpreters, and who are spared from having their natural haptic evaluations overlaid by the influence of good vision. The earliest stage is the diffuse representation of the whole imageapparently naturalistic because of its undifferentiated character, what Lowenfeld described as the "Stage of self-confrontation". Then after a while comes a gradual appreciation of the single elements of form and expression: "This 1Savin (1958) described how the blind half-field in a homonymous hemianopia (due to vascular lesions of the occipital lobe) may become colonized by strangers, who remorselessly gesticulate, and from whom there is no escape; or especially in arteriosclerosis of the temporal lobe, by freakish and mischievous intruders that may plague the poor arteriopath, especially if his conscience is unclear. One fanciful interpreter has attributed the malign little figures of Brueghel and Bosch to such a vascular mishap. Another whimsical interpreter has credited the brilliant auras of migraine with provoking the scintillating haloes that deck so many mediaeval saints, and even for the steps of Jacob's ladder. -second stage of development at some point becomes such an overwhelming discovery that it overpowers his whole concept; instead of our first, vaguely formulated, projection, we now have a structural over-emphasis of the meaningful parts. The second stage then appears of almost geometric character, since the structural element has become vitally significant in the discovery and formulation of the self." Only when he has experienced his intellectual and emotional power to express his imagery, does he moveon to the third stage in which, as we see, the rigid structural and symbolic formulation gives way to a more flexible expression of visual and haptic experiences.
How nicely these compare with the stages in artistic development of the wholly blind (Fig. 27) . Again the sculptural equivalent of that first crudely realistic stage is followed by the same second stage of structural discovery, with great over-emphasis of the seemingly significant features, and then comes the same final stage when the blind sculptor freely expresses his experiences by introducing new elements of form or by varying his own structural symbols.
DIscussIoN
The diseases that have beset the great men of history have always invited speculation, especially if the greatness of their spirit was in some part coloured by the frailties of their soma; and since their exact pathology has for so long been buried with them, our guess at this, as at the song of the Sirens, generally admits a very wide solution. But we should not be deterred by this, for a spirited guess is generally beguiling and occasionally valuable. Even Berenson (1948) in his introduction to art theory suggests that "In initio erat verbum" should really be translated as "In the beginning was the guess".
Of the four major eye diseases that I have discussed, myopia and colour blindness at least could have an undeniable effect on the artists' rendering; the effects of cataract and astigmatism are far less certain.
The myopic painter, who paints without his glasses, and avoids adventitious tricks like halfshutting his eyes, using photographs or inferences, and who yet strives for a naturalistic rendering, could reasonably be expected to show just those changes of form, definition and colour that have been described. And the high frequency of myopes among artists, and among the impressionists in particular, is probably not just coincidental. Clearly not all impressionists were myopic, and there is a vast amount in impressionism apart from the myopic changes I have detailed (such as the intellectual use of complementary colours), but it remains credible that an artist's myopia may have to some limited extent thus affected his style, and set a pattern which he could himself have consciously exaggerated, or his followers could have copied.
The colour-blind artist again can never have a normal evaluation of the affected hues; and it seems reasonable to accept that the majority do down-tone those colours that they register less distinctly, while the minority may well, in defiance, exalt these same colours, with correspondingly less attempt at naturalism. And the evidence, such as it is, does rather support this.
In the case of the cataractous artist, we have obviously the same primary objection as in astigmatism, that his reddened percept should correspond equally to a normally-coloured world as to a normally-coloured canvas, so that he will surely make the canvas emerge in the same colours as the original, however he falsely imagines both to be redder than they are; so that I do not believe that astigmatism and cataract normally exert any influence, since this self-regulating effect would normally ensure that the subject and rendering did correspond. But there is just enough evidence that this does not always happen-not least those unforgettable pictures from the bedroom window-so we must briefly consider how this non-correspondence could arise.
A brown-tinted spectacle lens will cut out all the blue rays, so that blue objects then seem dirty grey, greens (which are intermediate between blue and yellow) become yellower and purples (intermediate between blue and red) become redder-as in the second row of Fig. 38; and if one tries to paint with such spectacles all the blue range of colours become less exactly differentiated and muddier (as in the third row of Fig. 38 ). So the artist with a brown cataract who paints rosy scenes is rather in the position of the colourblind artist who, as I have said, generally keeps clear of the colours that seem less distinct and less colourful. On the other hand when such a cataractous painter feels compelled to use blue, he generally exalts it in order to reach through his lowered blue-perception (in this case conforming to the minority-reaction among the colourblind); and so in this way perhaps we can explain Coverdale's apparently conflicting observation that the aged, with their heavier deposit oI brown macular pigment, may accentuate their blue colours; and perhaps, too, this would account for the occasional single patch of blue that Turner interpolated among the miscellany of reds, right up to the end of his life, but always as an almost isolated hue in strong contrast to the seemingly endless variety of reds and oranges which he was using in the same picture.
But over and above this I wonder if such an artist, in spite of his distorted colour sense, may not attain a more correct valuation of the world by various secondary means. In the case of the cataractous patient, he may either have a longestablished familiarity with his own pigments, and on seeing, for instance, a reddened tree, he would mix them in such proportions as he knew from the past would give that very hue, even though the canvas as a result seemed to him disproportionately red (it is said that Monet managed to compensate in part for his failing colour discrimination by having his tubes specially labelled); or else it may be the memory picture that has become established, and the patient who experiences a relative blue-vision after losing his cataract may have become so adapted to the rosy world, that he contrasts the new bluish world thus suddenly presented with that rosy memory picture of the world which had become accepted as the true coloration and over-emphasizes the blue pigment on his canvas in consequence. However, this naturally applies only to straight descriptive painting. With original artists like Matthew Smith, who use strong colours and generalized forms, we would hardly expect any such change; for here it is a memory image, probably begotten long before the cataract started to form, which has been altered by all his complex of ideas and associations till it is registered on canvas in the form we finally see. So little wonder that here the transient colour-value changes of the outer eye are of small consequence, any more than Beethoven's deafness impeded his original compositions which derived from his long-digested imagery in sound.
When we come to astigmatism, and attempt to explain the distortion of shapes rather than of colour, it cannot be a question of memory, since the astigmat's distortion has normally been there from birth; and it is even more difficult to postulate any mechanism that would, in spite of our expectation, let the subject and the rendering fail to tally.
There are indeed some scraps of evidence that an astigmat does sometimes, to some extent, distort along the line of his astigmatism. The classic experiment (of Berger and Hess) can easily be confirmed, by closing one eye and wearing before the other an astigmatic lens; such an "artificial" astigmat will draw an ellipse if he attempts to draw a circle-"out of his head" (that is, without having one to copy, when he will simply draw its facsimile), the circle being elongated along the line of the astigmatism; while if he tries to draw a line perpendicular to the edge of his paper, this will lean slightly in a direction which corresponds to the power and 43 743 74T4 Proceedings of the Royal Society of Medicine 44 obliquity of the astigmatic lens that he is wearing -presumably, because he is making an intellectual compensation.
But, quite apart from this I am led to wonder to what extent Lowenfeld's statement (1939) is true that one in four of us in our hearts think haptically and kintesthetically, rather than visually, in other words making our basic assessment of objects by feel rather than by sight, just as dogs think olfactorily-in a world orientated by smells; and the oblique astigmat, whose visual world is sloping, knows from touch and intellect that it is in fact upright, and therefore paints it on his canvas, so that it seems upright-not as he actually sees it, but in the way that he knows it ought to stand; and the result of this is, of course, that the picture we see is sloping in the opposite direction. And perhaps as a confirmation that the visually handicapped do lean on their haptic sense, the few sculptures that El Greco made are more normally proportioned and show less evidence of his famous oblique distortion.
Finally, as a reminder of this haptic worldthe only world to the blind- Fig. 28 shows a typical "blind" sculpture, in this case by a girl who was blinded in infancy, which illustrates well t4e exaggerated relief, and the long connecting links, such as the neck, which unite the various haptically significant features like the eyes and nose. If we can persuade ourselves that El Greco's distortions stem from a haptic desire to straighten his sloping percepts, might it even be that his co-mannerist Parmigiano, who always featured such long necks, had been wrought upon by the same haptic urge as the little girl in her statuary? But I suspect that I have already strayed dangerously far from the solid shores of my own exact science into these subjective waters-so tantalizing but so treacherous-when I had only planned to splash about for a little in the shallows. At least I have given wings to the evidence, such as it is; and if there are any ultimate conclusions to be drawn-they will not be mine, but yours.
Summary.-When a naturalistic artist suffers from certain eye diseases, like myopia, presbyopia and colour-blindness, his rendering must surely be affected; other eye diseases like astigmatism, cataract, and retinal h2morrhage might also conceivably have some influence on his style.
It is hard to marry the subjective language of the artist with the objective language of the scientist, but an attempt has been made to analyse the changes that could occur from each of these diseases, to assess the value of any interpretations in current and past ophthalmic literature, and in the light of evidence from contemporary artists who are known to be affected, and from famous masters to whom these diseases have been imputed, to try and sift that little residue of truth which stil remains in all these engaging theories.
